Supplementary Methods

Chemical synthesis of NH 2 -hx-dPxTP and FAM-hx-dPxTP
(c) acetic anhydride, pyridine, room temperature, then dichloroacetic acid, dichloromethane, 0 °C; (d) 2-chloro-4H-1,3,2-benzodioxaphosphorin-4-one/dioxane, pyridine, tri-n-butylamine, bis(tri-n-butylammonium)pyrophosphate, DMF, then I 2 /pyridine/H 2 O, H 2 O, NH 4 OH, room temperature; (e) FAM-N-hydroxysuccinimidyl ester/DMF, 0.1 M NaHCO 3 -Na 2 CO 3 buffer (pH 8.5), room temperature, then NH 4 OH.
1-(2-Deoxy-β-D-ribofuranosyl)-4-[3-(6-trifluoroacetamidohexanamido)-1-propynyl]-2-nit
ropyrrole.
1-(2-Deoxy-β-D-ribofuranosyl)-4-iodo-2-nitropyrrole (354 mg, 1 mmol) was co-evaporated with dry CH 3 CN twice. The residue was dissolved in DMF (5.0 ml) with CuI(I) (31 mg, 160
µmol) and Pd[P(C 6 H 5 ) 3 ] 4 (58 mg, 50 µmol), followed by triethylamine (210 µl, 1.5 mmol), and the mixture was stirred in the dark at room temperature. To the solution, 
1-(2-Deoxy-3-O-acetyl-β-D-ribofuranosyl)-4-[3-(6-trifluoroacetamidohexanamido)-1-pro
pynyl]-2-nitropyrrole.
yrrole (394 mg, 803 µmol) was co-evaporated with dry pyridine three times. The residue was dissolved in pyridine (4 ml) with 4,4'-dimethoxytrityl chloride (286 mg, 844 µmol), and the solution was stirred at room temperature for 2.5 h. The solution was partitioned with EtOAc and H 2 O. The organic layer was washed with a saturated NaHCO 3 solution, dried with MgSO 4 , and evaporated in vacuo. The residue was purified by silica gel column chromatography (0-0.5% CH 3 OH in CH 2 Cl 2 ) to obtain the dimethoxytrityl derivative (543 mg). 
1-(2-Deoxy-β-D-ribofuranosyl)-4-[3-(6-aminohexanamido)-1-propynyl]-2-nitropyrrole
5'-triphosphoric acid (NH 2 -hx-dPxTP).
yl]-2-nitropyrrole (53 mg, 100 µmol) was co-evaporated with dry pyridine three times. The residue was dissolved in pyridine (100 µl) and dioxane (300 µl). A 1 M solution of 2-chloro-4H-1,3,2-benzodioxaphosphorin-4-one in dioxane (110 µl, 110 µmol) was added to the solution, and then the reaction mixture was stirred at room temperature for 10 min.
Tri-n-butylamine (100 µl) was added to the reaction mixture, followed by a 0.5 M solution of bis(tri-n-butylammonium)pyrophosphate in DMF (300 µl). After 10 min, 1% iodine in pyridine/H 2 O (98/2, v/v) (2.0 ml) was then added. After stirring for 15 min, the oxidation was quenched by the addition of a 5% aqueous solution of NaHSO 3 (150 µl). The reaction mixture was then evaporated in vacuo, and the residue was dissolved in H 2 O (5 ml). After stirring for 30 min, concentrated ammonia (20 ml) was added to the solution, and the reaction mixture was stirred for 8 h and lyophilized. The product (18 µmol, 18%) was purified by DEAE Sephadex A-25 column chromatography (1.5 cm x 30 cm, eluted by a linear gradient from 50 
1-(2-Deoxy-β-D-ribofuranosyl)-4-[3-(6-fluorescein-5-carboxamidohexanamido)-1-propyn yl] -2-nitropyrrole 5'-triphosphoric acid (FAM-hx-dPxTP).
A 0.1 M NaHCO 3 -Na 2 CO 3 buffer solution (pH 8.5, 0.72 ml) of NH 2 -hx-dPxTP (6 µmol) was reacted with 5-carboxyfluorescein N-hydroxysuccinimidyl ester (FAM-SE) (3.7 mg, 7.8 µmol) in DMF (500 µl) in the dark at room temperature. After 8 h, the reaction mixture was treated with concentrated ammonia (0.5 ml) for 5 min. The product (3.2 µmol, 53%) was purified by DEAE Sephadex A-25 column chromatography (1.5 cm x 30 cm, eluted by a linear gradient from 50 mM to 1 M TEAB) and C18 HPLC (eluted by a linear gradient of CH 3 CN in 100 mM TEAA, pH 7.0). Assays (Entries 1-5) were carried at 37ºC for 1-28.2 min using 1 or 5 µM template-primer duplex, 2-20 nM enzyme, and 6-600 µM nucleoside triphosphate in a solution (10 µl) containing 50 mM Tris-HCl (pH 7.5), 10 mM MgCl 2 , 1 mM DTT, and 0.05 mg/ml bovine serum albumin. Each parameter was averaged from three to five data sets. a The parameters were derived from the previous data (Entries 6-19, Nature Methods, 3, 729-735, 2006 & J. Am. Chem. Soc., 129, 15549-15555, 2007 
Results
These results indicate the high efficiency and selectivity of the Ds-Px pairing in replication. The sequences of the Px-containing DNA strands are listed. The number of clones is shown in parentheses, and the sequences for more than one clone are underlined. The DNA sequences shown in Table S3 are indicated in brackets.
5'-GATAATACGACTCACTATAGGG-NNN Px NNN-CCGTCATAGCTGTTTCCTGTGTGAAA-3' (total 66 clones)
[S7] (2) GATAATACGACTCACTATAGGG CGA X GGG CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG AGA X GTA CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG CGA X GCG CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG GGA X GCGCCCGTCATAGCTGTTTCCTGTGTGAAA (2) GATAATACGACTCACTATAGGG GGA X GGG CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG AGA X GGG CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG GGA X GAG CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG CGA X GAG CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG CGA X AGG CCGTCATAGCTGTTTCCTGTGTGAAA (2) GATAATACGACTCACTATAGGG ATA X GAT CCGTCATAGCTGTTTCCTGTGTGAAA
[S8] (1) GATAATACGACTCACTATAGGG GTA X GAT CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG ATA X GCG CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG ATA X GTG CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG ATA X GGC CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG ATA X GGA CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG TTA X GCT CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG ATA X AAC CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG AAA X AAC CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG AAA X ACT CCGTCATAGCTGTTTCCTGTGTGAAA (2) GATAATACGACTCACTATAGGG GGA X ACG CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG TGA X ATG CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG CCA X ACG CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG TGA X CAT CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG CAA X TAA CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG TAC X ACG CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG TCC X GAC CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG CCC X TTC CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG GAT X ACA CCGTCATAGCTGTTTCCTGTGTGAAA (1) GATAATACGACTCACTATAGGG CAT X TAT CCGTCATAGCTGTTTCCTGTGTGAAA
